cis-3-Amino-L-proline, identified once as a nonprotein amino acid from the fruiting bodies of Morchella esculenta Fr., was isolated also from the growth medium and cultured mycelia of the same fungus.
A nonprotein amino acid, cis-3-amino-L-proline, was isolated and identified from fruiting bodies of Morchella esculenta, M. conica, and M. crassipes, where it occurs in a free state (1) . So far survey on over 400 species of higher fungi reveals that this amino acid seems to be confined to some species of Morchella.
When the cultured mycelia were incubated with L -[U-14C]proline, [U_-14C]sucrose, or [1-_4C] acetate, the incorporation of radioactivity into cis-3-amino-L-proline was observed, and Lproline was the most effective precusor among the three substrates used (2) .
To determine whether mycelia of M. esculenta synthesize cis-3-amino-L-proline during the culture and to study its biosynthetic pathway, we isolated it from the cultured mycelia and growth medium.
Mycelia of M. esculenta were grown by H. Terakawa in the spring of 1978 by culturing spores of the fruit bodies collected from natural habitats. The mycelia were cultured in potato extract medium (peeled and chopped potato was extracted with an equal weight of boiling water for 20 min, and the filtrate was diluted fivefold with water) containing 0.5% glucose and 0.01% yeast extract. The cultures were grown in Erlenmeyer flasks (200 or 300 ml) containing 50 ml of broth at 24 to 250C for 7 days under diffuse light. After the medium was aseptically removed, the same medium containing 0.1% L-proline was added to the growing mycelia, and the cultures were incubated for 3 more days. Addition of Lproline accelerates the formation of this amino acid. The yield of mycelia was 1.8 to 2 g (wet weight) per 50 ml of medium. The mycelia were stored at -20°C until used.
Amino acids were detected by cellulose thinlayer chromatography (Merck) and paper chromatography (Toyo, no. 53). The solvents used were n-butanol-acetic acid-water (63:10:27, vol/ vol) and phenol-water (100:36, wt/wt, in NH3 vapor). After drying, the chromatograms were developed by spraying with a solution of ninhydrin (0.5%, wt/vol) in acetone-ethanol (7:3, vol/ vol) followed by heating at 500C for 30 min.
The cultured mycelia were separated from the growth medium by filtration. The procedure for isolating cis-3-amino-L-proline from the growth medium was the same as for mycelia. The cultured mycelia (1,094 g, wet weight) were divided into 100-g portions, and each portion was extracted with 3 liters of 80% ethanol. The combined extract was condensed under reduced pressure to 1,880 ml and applied to an Amberlite IR-120B (H+) column (4 by 59 cm). After the column was washed with water, the amino acids were eluted with 7.5 liters 2 N NH40H. The eluate was evaporated to dryness to remove ammonia, and the residue was dissolved in a small volume of 0.2 M citrate buffer, pH 5.0 (57 ml), and placed onto two Dowex 50-X8 (Na+) columns (4 by 29 cm) equilibrated with 0.1 M citrate buffer (pH 3.4). Elution was performed by 0.2 M citrate buffer, pH 5.0. The amino acid was displaced from the column after the acidic and neutral amino acids. The relevant fractions were combined (4.5 liters) and desalted with a Dowex 50-X8 (H+) column (4 by 30 cm), followed by the elution again with 2 N NH40H, as described above. The effluent was concentrated to dryness and dissolved in a small volume of water. After the neutralization with 3 N HCI, cis-3-amino-L-proline hydrochloride was crystallized by the addition of ethanol. Yield: 366 mg from 1,094 g of mycelia after crystallization twice from ethanol-water. Elementary analysis. Found: C, 35.86; H, 6.95; N, 16.85; Cl, 21.25.
Calculated for C5H,oN202. HCI: C, 36.04; H, 6.66; VOL. 38, 1979 NOTES 1019 authentic sample isolated from the fruit bodies were all satisfactory.
The biosynthetic pathway of this amino acid is now under investigation.
